SUMMAR Y The study had two primary objectives. The first was to determine whether sleep loss results in a preference for tasks demanding minimal effort. The second was to evaluate the quality of performance when participants, under conditions of sleep loss, have control over task demands. In experiment 1, using a repeated-measures design, 50 undergraduate college students were evaluated, following one night of no sleep loss and one night of sleep loss. The Math Effort Task (MET) presented addition problems via computer. Participants were able to select additions at one of five levels of difficulty.
INTRODUCTION
This study sought to evaluate how sleep loss affects effort. A common method of assessing the impact of sleep loss on effort asks participants to indicate how much effort they have applied to a previous task Pilcher and Walters 1997) . Following sleep loss, reports of increased effort on complex cognitive tasks (Hockey et al. 1998; Pilcher and Walters 1997) and tasks involving physical work (Rodgers et al. 1995) have been documented. In another study, subjective estimates of effort on verbal free recall and recognition tasks were unchanged (Drummond et al. 2000) .
Sleep-deprived participantsÕ subjective reports of effort have not always reflected objective performance, however. Increases in subjective effort following sleep loss have been reported, although objective performance was not better than that observed at baseline (Chelette et al. 1998; Dinges et al. 1992) .
Persistence and vigor variables such as work rates and speed of task performance have been used as objective measures of effort. The faster the task is completed, the higher the presumed effort and motivation of the participant (Richards and Ruff 1989) . Reductions in work rates (Chmiel et al. 1995; Donnell 1969; Wilkinson 1959 Wilkinson , 1961 and reductions in attempted solutions to experimenter-generated problems (Balkin and Badia 1988; Blagrove et al. 1995; Heslegrave and Angus 1985; Webb and Levy 1984) have been documented with sleep loss.
Sleep-deprived participantsÕ response reduction can be at least somewhat ameliorated by external sources of motivation, such as feedback (Steyvers and Gaillard 1993; Wilkinson 1961) , rewards (Horne and Pettitt 1985) , and task characteristics (Elsmore et al. 1995; Gulevich et al. 1966; Horne and Pettitt 1985; Webb and Levy 1984; Wilkinson 1964 Wilkinson , 1965 .
Although persistence and vigor of responding correlate with effort (Beck 1990) , and response production seems to be affected by effort-stimulating variables, the measurement of effort has been indirect. Beck (1990) suggested that the most basic index of effort and motivation is preference. Holding (1983) , likewise, proposed that providing opportunities to shift to low-effort work preferences would result in tests that are maximally sensitive to the effects of fatigue, effort, and motivation. Kahneman's (1973) compensatory control of mental resources model provides a conceptual framework for the prediction of low-effort work preferences under conditions of sleep loss. According to Kahneman, an increase in effort or a decrease in task demands will result in a reduction in stress, and the discrepancy between the intention to perform well and performance effectiveness will be corrected. Hockey et al. (1998) , using this model, proposed that stress and fatigue caused by sleep loss results in threats to performance than can be observed in the shift to less-demanding tasks.
In the present study, it was predicted that under conditions of sleep loss when preference, rather than persistence or vigor, was examined, participants would prefer and choose simpler, less effortful tasks. It was also predicted that performance effectiveness would be maintained by the participant-controlled reduction in task demands.
I. EXPERIMENT 1

METHODS
Participants
The participants were 50 undergraduate students fulfilling the introductory psychology research requirement at Baruch College, City University of New York, in the Fall and Spring 1991-1992 semesters. Thirty-two females (mean age 19.88 years, SD ¼ 3.60, range ¼ 17-33 years) and 18 males (mean age 19.83 years, SD ¼ 2.28, range ¼ 16-25 years) participated.
Procedure
Introductory meeting
At an introductory meeting, the procedure, approved by the Baruch College Institutional Review Board, was described to the participants. They were informed of their right to discontinue participation at any time without penalty or prejudice. Participants who gave their signed informed consent also completed a sleep questionnaire and received the schedule of their laboratory assessments.
General Sleep Questionnaire
The participants responded to questions addressing general sleep habits, behaviors, and history.
Scheduling of laboratory assessment Two 1-h laboratory assessment sessions were scheduled for each participant. One session followed a night of no sleep loss and another followed a night of sleep loss. Random assignment determined whether sleep loss occurred on the night prior to the first or prior to the second assessment. The assessment sessions were separated by 2 weeks.
Participants were requested to refrain from the use of nonprescription medications, caffeinated beverages, or cigarettes, on the evenings prior to the assessments. Participants were recommended not to take any naps the day before or during the days of testing.
No sleep loss and sleep loss
On the night of sleep loss, participants were in their homes. They called in, to a time-recording answering machine, every half-an-hour from 23:00 hours to 07:30 hours. To assure that they were fully awake at the call-in, participants indicated their participant numbers and the time of the call, and read one of 18 prepared sentences based on material from a travel guide. The following is one such reading:
ÔShould the opportunity arise, do not miss at least one of the famous flea markets held periodically in every city, where it is possible to find antique silver and furniture and unique articles of a certain quality.Õ On the night of no sleep loss, participants were asked to go to bed and awaken at their typical times. Participants, following both the no-sleep-loss and the sleep-loss night, were to report to the laboratory the following day. Both sessions were scheduled at the same time of day, between 08:00 hours and 16:00 hours, to prevent the confounding effects of circadian rhythm variation.
Laboratory assessment
The 1-h session included the completion of the sleep diary, the Daily Activity Evaluation, a computerized assessment of reaction time, and the Math Effort Task (MET). 1 The sleep diary is a subjective report of the previous night's sleep including total sleep time, number of awakenings, sleep onset latency, previous day's nap activity, and sleep quality (Bootzin and Engle-Friedman 1981) . 2 The Daily Activity Evaluation presents questions concerning the amount of time spent that day in various activities involving personal hygiene, work and school activities, and leisure time activities. 3 The simple reaction time task is a 10-min task assessing speed of response. The stimulus, a small white square, is displayed at random locations on the computer screen for 0.4 s. The inter-stimulus interval is randomly paced within a range of 6-14 s and participants have 3 s to respond. Participants do not receive feedback. 4 The MET has 100 addition problems and participants complete all 100 problems. A number, shown at the initiation of an addition problem, is to be added to three separately displayed numbers. Each of the numbers appears in the middle of the computer screen for 0.8 s with an inter-stimulus interval of 0.5 s. The participants must add the four numbers, without the use of pencil and paper, within 15 s. Once a problem is answered, the participant immediately proceeds to the next addition problem.
The MET has five levels of difficulty. Difficulty is determined by the value of the numbers presented. Each difficulty level is composed of randomly generated numbers from a particular range of values. The simplest level, Level 1, includes numbers 1-3; Level 2 includes numbers 3-9; Level 3 includes numbers 7-15; Level 4 includes numbers 7-25; and Level 5 includes numbers 7-35.
Participants are able to switch between different levels of difficulty at any time. When switching from one level of difficulty to another, the choice of a new level produces five problems at that level unless another switch takes place. After the presentation of the fifth problem at one level, participants are prompted to choose the level at which they want to work for the next five problems. The choice of particular level of difficulty is used to assess effort. No feedback is provided to the participants via the computer or the experimenter. The computer screen indicates when the task is over.
To maintain responding on this task, participants are asked to try to do their best. They are also informed that they will be able to receive a performance score privately following the completion of their involvement in the project. Participants are told that the highest score can be achieved by correctly solving all the addition problems at the highest level of difficulty. Therefore, correct answers to all problems presented at Level 5 results in a perfect score. Likewise, correct answers to all problems presented at Level 4 produces higher scores than all correct answers at Level 3. This system is applied for all levels including Level 1.
RESULTS
Participant sleep characteristics
The General Sleep Questionnaire provided subjective sleep history information. Participants reported sleeping a mean of 7.17 h (SD ¼ 1.24, range ¼ 4.0-9.0 h) and needing more sleep than their typical amounts to feel rested (M ¼ 7.88 h, SD ¼ 1.51, range ¼ 3.0-12.0 h). Sixty-eight percent said that their total sleep time was not a problem. 
Sleep diary
The self-report of total sleep time and naps taken were the only possible comparisons of the no-sleep-loss and sleep-loss nights. Under the condition of no sleep loss, participants reported sleeping a mean of 7.40 h (SD ¼ 1.22). Under the condition of sleep loss, participants reported sleeping a mean of 1.70 h (SD ¼ 1.51) [F(1,49) ¼ 566.732, P < 0.001]. There was no difference in total naps taken when the conditions were compared.
Reaction time
Reaction time showed a non-significant trend when the two sleep conditions were compared. Following no sleep loss, participants had a mean reaction time of 0.58 s (SD ¼ 0.27) and after sleep loss, participants had a mean reaction time of 0.68
Math Effort Task
The selection of levels of difficulty was examined. Participants selected more challenging problems following no sleep loss and attempted less-demanding additions following sleep loss, in results that just miss statistical significance. The mean level of difficulty chosen when participants had no sleep loss was 2.84 (SD ¼ 1.03) while the mean level chosen after sleep loss was 2.59 (
The participantsÕ selection of the simplest levels of difficulty, following sleep loss, began at the start of the MET (Fig. 1 ).
When participants experienced no sleep loss, however, there appeared to be a regular crossover. At approximately every 30 trials, they briefly chose lower difficulty levels than were chosen under sleep-loss conditions. They returned to higher levels of difficulty on subsequent trials. The timing of that rhythm appears to be later and shallower when the participants experienced sleep loss.
Under the sleep-loss condition, the overall percentage of additions solved correctly was greater (M ¼ 69.98, SD ¼ 14.48) than when participants did not experience sleep loss (M ¼ 64.08,
Gender comparisons
Differences in the behavior of men and women participants were found on the reaction time and effort assessments when conditions of no sleep loss and sleep loss were compared.
Reaction time
A sleep condition by gender analysis revealed a significant main effect of gender. The reaction time for women (M ¼ 0.71 s, SD ¼ 0.048) was significantly slower than that found for men (
Math Effort Task
An examination of the relationship between sleep condition and gender, on the chosen levels of difficulty, was completed. No main effect on gender was found. However, the levels of difficulty chosen under the two sleep conditions showed a significant difference when considered by gender [F(1,48) ¼ 4.597, P ¼ 0.037]. When men experienced no sleep loss they were likely to select a variety of levels of difficulty (M ¼ 3.15, SD ¼ 1.15), but following sleep loss, less difficult tasks were chosen (M ¼ 2.54, SD ¼ 0.84) (t(18) ¼ 2.885, P ¼ 0.010). Women, however, did not differ significantly in the levels of difficulty chosen when the no-sleep-loss (M ¼ 2.67, SD ¼ 0.93) and sleep-loss conditions were compared (M ¼ 2.61, SD ¼ 0.84) (P ¼ n.s.). When the percentage of additions solved correctly was examined, neither a main effect of gender nor an interaction effect was found. 
DIS CUSS ION
Male participants selected addition problems of lesser difficulty under sleep-loss conditions. The selection of less-difficult problems did not occur in response to performance failures or increased error production, but began with the first problem. The percent of addition problems solved correctly was greater following sleep loss. Women, on the other hand, selected tasks of equal difficulty under the no-sleep-loss and sleep-loss conditions. A number of factors inherent in the study's design limit the interpretation of the results. First, participants experienced sleep loss at home by calling in to an answering machine; this reduced control over the sleep-loss circumstances. Secondly, the assessment of effort was based on an academically oriented math task that may have differentially affected responding of the genders. Thirdly, the participants had been informed that they could obtain a performance score based on the level of difficulty selected and their accuracy at that level. This source of extrinsic motivation may have impacted the results and altered how men and women responded. Fourthly, the subjective experience of effort was not assessed.
To correct these limitations, sleep-deprived participants were kept awake in the sleep laboratory for an entire night in experiment 2. Two additional objective measures of effort and a subjective effort question were included. No incentive was provided to work at any of the tasks.
II. EXPERIMENT 2
In experiment 1, the selection of tasks of minimum difficulty by women, under conditions of no sleep loss and sleep loss, made it unclear whether behavioral preferences change when women are exposed to sleep loss. The structure of the MET may account for the response pattern seen in women. Although women have been found to outperform men on computation (Duffy et al. 1997) , women are less self-confident in mathematics than are men (Eccles et al. 1984; Fennema and Sherman 1977; Seegers and Boekaerts 1996) . The performance of females, on cognitive tasks, drops below the performance of males when females believe their performance will be compared with others (Huguet and Monteil 1995) .
As the MET may have influenced responding, a non-math Verbal Effort Task (VET), a non-academic task selection measure, and a subjective effort question were added to the effort assessment in experiment 2. Additionally, to limit the influence of external sources of motivation, no implicit or explicit comparison of participantsÕ scores was made.
METHODS Participants
Fifty-eight undergraduate students, fulfilling the introductory psychology research requirement in the Fall 2000 semester at Baruch College, City University of New York, participated. The participants included 22 males (mean age 18.45 years, SD ¼ 0.80, range ¼ 18-21 years) and 36 females (mean age 18.47 years, SD ¼ 1.00, range ¼ 18-22 years). Fifteen Black (non-Hispanic), 15 Hispanic, 13 Asian, 13 White (nonHispanic), and 2 other students comprised the sample. Students were randomly assigned to one of two conditions: no sleep deprivation or sleep deprivation.
The no sleep deprivation (NSD) group included 12 males and 22 females while the sleep deprivation (SD) group included 10 males and 14 females. The unequal number of participants in the groups reflects the higher preevaluation drop out rate of those in the sleep deprivation condition.
Procedure
Introductory meeting Introduction and Consent Form
The introductory meetings began between 08:00 hours and 10:00 hours in the Psychology Department of Baruch College. The procedure, approved by the Baruch College Institutional Review Board, was described to the participants. Students were informed that they could withdraw their participation at any time without penalty or prejudice; this included discontinuing participation during the overnight stay. Participants in the sleep-deprived group, however, would not be permitted to leave the premises during the night. Instead, they could sleep on a cot in a separate room. No students discontinued participation during the overnight stay.
Participants, after providing their informed consent, completed an initial Health Screening Questionnaire and a registration questionnaire.
Health Screening Questionnaire and registration
The Health Screening Questionnaire (HSQ) lists 80 questions focused on recent and past health, medical conditions, prescription medication, and cigarette, alcohol, and recreational drug use. It also includes the Depression Scale of the Minnesota Multiphasic Personality Inventory (MMPI-D; Hathaway and McKinley 1943) .
Students were excluded from participation in the study if they had any ongoing medical conditions, were taking prescription drugs for a medical condition, had been hospitalized in the last year, had a history of seizure activity, were cigarette smokers, or were active alcohol or recreational drug users. Females with a MMPI-D scale score of 29 or higher and males with scores of 25 or higher were excluded. In addition, students were permitted to participate only if they had no work or school obligations the day following sleep deprivation.
After finishing the HSQ, participants completed a registration questionnaire containing 71 questions on sleep history and behavior.
Random assignment
Participants who passed the screening procedures were randomly assigned to one of two groups: the no sleep deprivation (NSD) or the sleep deprivation (SD) group.
No sleep deprivation and sleep deprivation
The use of caffeine, nicotine, alcohol, and non-prescription drugs was prohibited from 19:00 hours the night prior to the assessment until the end of the assessment the following day.
Sleep deprivation
Participants arrived at the Baruch College Psychology Department at approximately 21:00 hours. Throughout the night, undergraduate and graduate research assistants rotated in shifts to help participants stay awake.
Participants, kept awake in groups of four to six students, were permitted to engage in a variety of activities that included playing games, watching movies, listening to music, talking on the phone, using the Internet, or doing homework. Participants were not permitted to exercise, have visitors, or leave the Psychology Department. Non-caffeinated foods and beverages were provided.
No sleep deprivation
Those participants assigned to the NSD condition were asked to obtain a normal night of sleep in their own homes; going to bed and arising from bed at their usual times. It was requested that non-sleep-deprived participants refrain from staying up to study or Ôpulling an all-nighterÕ, or napping on the morning of the assessment.
Laboratory assessment
Prior to the assessment, all participants were served breakfast and given the necessary test instructions. The assessment was conducted from 09:00 hours until 10:30 hours. The computer lab was equipped with six Dell Optiplex computers; a divider was placed between each computer so that the participants were unable to see each other.
Eight individual tasks comprised the laboratory assessment. These tasks included the sleep diary, the Stanford Sleepiness Scale (SSS), the Profile of Mood States (POMS), a reaction time task, a MET, a VET, a non-academic task selection question, and a subjective effort question. McNair et al. 1971) asks participants to describe the intensity of moods they are feeling at that moment. Participants are supplied with a list of synonyms for each mood word.
4 The simple reaction time task requires participants to press the space bar as soon as they see a 0.25 · 0.25-inch white square on the black screen. The square appears in random locations on the screen for 0.5 s with an inter-trial interval ranging from 2-5 s. This task has 100 trials and lasts approximately 7 min. 5 The MET is a version of the MET used in experiment 1 and presents participants with 40 addition problems. Participants complete all 40 problems. The participants add the first number given in the instructions to three individually presented numbers that follow. All calculations are performed mentally. The last window asks them to type in the sum of all four numbers. Once a problem is answered, the participant may immediately proceed to the next addition problem. Before each addition problem, participants choose a level of difficulty. Effort is assessed through examination of the levels of difficulty chosen. Randomly generated numbers from a particular range of values determine each difficulty level. The simplest level, Level 1, includes numbers 0-2; Level 2 includes numbers 3-5; Level 3 includes numbers 6-9; Level 4 includes numbers 11-16; and Level 5 includes numbers 21-59. Each number, approximately 2 · 1 inches in size, is displayed for 0.5 s with an inter-stimulus interval of 3 s. 6 The VET is a series of trivia questions. Frequency of accurate responding to each of the questions, compiled during normative studies, made it possible to organize the questions into five levels of difficulty. Level 1 includes questions answered correctly 81-100% of the time; Level 2 includes questions answered correctly 61-80% of the time; Level 3 includes questions answered correctly 41-60% of the time; Level 4 includes questions answered correctly 21-40% of the time; and Level 5 includes questions answered correctly 0-20% of the time. Before each of the 30 questions, participants select a level of difficulty. They receive a trivia question at the selected difficulty level and type their answer. Effort is assessed through examination of the levels of difficulty chosen. 7 On the non-academic task selection question, participants choose one task, from a list of five tasks, that they would be willing to perform for the next 20 min. Though participants are told that they might have to engage in the chosen task, no one performs any of the tasks. Normative studies, evaluating the perceived difficulty of the tasks, were performed in advance of this study; the tasks were identified as being significantly different from one another. During the assessment, the tasks were presented to participants in a random order. The tasks listed below, though, are arranged from those perceived to require the least effort to those perceived to require the most.
• Retrieving messages from an answering machine • Entering data into a computer • Scheduling next week's meetings for the chairman of the department • Composing exam questions for a Psychology 1001 final exam • Helping to design a research study to evaluate and reduce teenage and college alcohol abuse 8 The subjective effort question is the participant's report of effort applied to the assessment. Participants respond to the following question: ÔAfter completing the entire assessment, how much effort do you feel you put into the assessment?Õ Participants can choose from 1 (no effort) to 5 (extreme effort).
After the assessment
At the conclusion of the assessment, all participants were thanked and debriefed. Non-sleep-deprived participants were permitted to leave. Sleep-deprived participants were strongly advised to nap prior to leaving; private rooms were outfitted with comfortable cots for this purpose. Prior to leaving, participants engaged in 15 min of exercise and were given a simple cognitive-skills test, in interview form, to ensure their wakefulness and stability. Students were not permitted to leave the test site until the principal investigator determined it was safe for them to do so.
All sleep-deprived participants were requested to have someone accompany their home. A research assistant escorted participants who did not have chaperones to their mode of transportation (i.e. bus or subway). No students were permitted to drive. All participants contacted the sleep laboratory when they arrived home.
RESULTS
Participant sleep characteristics
Analysis of various sleep history characteristics revealed no significant differences between the sleep groups.
Participants reported sleeping a mean of 6.6 h per night (SD ¼ 1.22) and needing more sleep than their typical amount to feel rested (M ¼ 7.68 h, SD ¼ 1.45). ParticipantsÕ mean sleep latency was 19.44 min (SD ¼ 28.66, range ¼ 0.0-3.5 h) and they experienced a mean of 0.64 awakenings per night (SD ¼ 0.64, range ¼ 0-2 awakenings). Eighty-five percent of the participants indicated that the amount of sleep they usually had was not a problem for them.
Participants reported staying awake for an entire night on an average of 0.93 occasions per month (SD ¼ 1.44, range ¼ 0-7 occasions) and getting less sleep than needed on an average of 10.02 nights per month (SD ¼ 6.19, range ¼ 0-25 nights).
Sleep deprivation comparisons
Sleep diary
The NSD group provided sleep diary information for the night prior to assessment. As the SD group was kept awake, no sleep diary information could be reported. The mean total sleep time for the NSD group was 6.68 h (SD ¼ 
Sleepiness
A significant difference was found between the groups on sleepiness. The NSD group reported a mean sleepiness rating of 2.65 (SD ¼ 1.32), while the SD group reported a mean sleepiness rating of 3.67 (SD ¼ 1.61) [F(1,56) ¼ 6.995,
Mood states
The Profile of Mood States revealed significant differences between the NSD and SD groups on five of six mood scales as well as on the Total Mood Disturbance score (Table 1) .
Reaction time
The SD group had a significantly slower reaction time than the NSD group. The NSD mean reaction time was 0. 
Math Effort Task
The MET difficulty levels ranged from 1 (least difficult) to 5 (most difficult). Supporting the findings of experiment 1, the SD group chose lower difficulty levels on the MET than the NSD group. The NSD mean level of difficulty chosen was 2.78 (SD ¼ 1.06) while the SD mean level of difficulty was 2.18 A trial-by-trial examination of difficulty level chosen indicates that the SD group selected a lower level of difficulty from the very first trial. They continued to choose lower levels of difficulty throughout the assessment relative to the NSD group. The last third of the trials revealed an additional decrease in difficulty levels selected by the SD group (Fig. 3) .
There was no difference between the sleep groups on percent of additions correctly completed. A trial-by-trial examination of the percent of additions correctly completed shows a regular crossover between the sleep groups (Fig. 4) . When ad hoc analyses of the percent of additions solved correctly was compared for the sleep conditions at each level of difficulty, no differences were found between the sleep groups on each of the first four levels of difficulty. On Level 5 however, the nonsleep-deprived group (M ¼ 72.78, SD ¼ 44.65) out performed the sleep-deprived group (M ¼ 50.77, SD ¼ 50.38) on percent of additions solved correctly (t (221) ¼ 3.221, P ¼ 0.001).
When the sleep deprivation groups were compared on speed of response at each of the five levels of difficulty, no differences were found.
Verbal Effort Task
The analyses revealed no significant differences between the groups on selected difficulty level, percent correct, or response speed.
Non-academic task selection
The task selection question asked participants to select one of five tasks they were willing to perform. The NSD group selected more difficult tasks (M ¼ 2.62, SD ¼ 1.50) than the SD group (M ¼ 1.79, SD ¼ 1.02) [F(1,56) ¼ 5.486, P ¼ 0.023].
Effort question
When subjective effort was compared between the sleep groups, no significant difference in perceived effort was found. The NSD mean for perceived effort was 3.18 (SD ¼ 0.72) and the SD mean for perceived effort was 3.21 (SD ¼ 0.98) (P ¼ n.s.). 
Gender comparisons
A sleep group by gender analysis revealed that men and women behaved differently from one another on the reaction time task. A gender effect was found such that the reaction times for males (M ¼ 0.335, SD ¼ 0.038) were significantly faster than those for females (M ¼ 0.363, SD ¼ 0.055) [F(1,54) ¼ 8.000, P ¼ 0.007]. A sleep group by gender interaction [F(1,54) ¼ 6.462, P ¼ 0.014] also showed that women had slower reaction times when sleep-deprived and when compared with men (Table 2) .
Correlations
Correlations between variables were examined. As participants became sleepier they selected tasks of lower difficulty on the task selection question (r(58) ¼ -0.429, P ¼ 0.001). Likewise, longer reaction times were also associated with tasks of lower difficulty on the task selection question (r(58) ¼ )0.277, P ¼ 0.035). Not surprisingly, increased sleepiness was correlated with increased reaction time (r(58) ¼ 0.298, P ¼ 0.023).
Fatigue as assessed by the POMS was correlated with sleepiness (r(58) ¼ 0.737, P < 0.001), task selection (r(58) ¼ )0.417, P ¼ 0.001), and reaction time (r(58) ¼ 0.387, P ¼ 0.003).
Effect size
To understand the influence of sleep deprivation on the dependent measures used in this experiment, effect sizes were calculated. Table 3 provides the estimated effect sizes, by sleep group, for all dependent variables. Of particular interest were the effect sizes for those dependent measures that revealed significant sleep group effects. Using Cohen's (1988) criterion, it was found that 100% of those corresponding effect sizes were over 0.5 (i.e. a medium effect) and about 40% of those effect sizes were over 0.8 (i.e. a large effect). However, the effect size estimates may be underestimated by as much as 8% because of the unequal sizes of the groups (Rosenthal 1984) .
DIS CUSS ION
Effortful behavior was compared between the non-sleepdeprived and sleep-deprived participants. Sleep-deprived participants selected less difficult non-academic tasks and chose less difficult math tasks than did the non-sleep-deprived participants. The non-sleep-deprived group out performed the sleep-deprived group on the percent of correctly answered additions only on Level 5 of the MET. The speed of response to the addition problems did not differ between the sleep groups.
No gender differences were found on the MET. It appears that the elimination of both an instruction to do well and the suggestion that math performance scores would be calculated, resulted in females responding in much the same way as males on the MET.
GENERA L D ISC USSION Sleep Group Differences
The two experiments, one of a within-subjects design and one of a between-subjects design, demonstrated that sleep loss results in the selection of tasks that are less demanding than those selected under non-sleep-loss conditions. In both experiments, the choice of simpler tasks began with the first trial of the MET.
The selection of lower levels of difficulty during sleep loss did not occur in response to performance failures or to increases in error production. In experiment 1, the percent of addition problems solved correctly was greater following sleep Response speed on the MET was equivalent between the sleep groups in experiment 2. It may be that problems of lower difficulty were selected in order to maintain speed and accuracy. In other research, when participants had not been given the option to choose tasks of varying difficulty, accuracy was maintained and speed of response was sacrificed under sleep-loss conditions (Dinges 1992) .
A VET, a task selection question, and a subjective effort question were included in experiment 2. On the VET, the difficulty levels selected did not differ between the non-sleepdeprived and sleep-deprived groups. This suggests that a verbal-based effort task may be less stressful, or less sensitive, to one night of sleep loss than a math-based task. Alternatively, the VET may not have been optimal as the task consisted of trivia questions. Many of the participants were of diverse cultural backgrounds and may have been unfamiliar with the information on which the questions were based. Studies using an alternative verbal task and examining more than one night of sleep deprivation may identify whether changes in effort occur on verbal-based assessments.
The third objective measurement of effort was the task selection question. Sleep-deprived participants selected tasks of lesser difficulty than did the non-sleep-deprived participants. The sleep-deprived participants choosing the simplest tasks were most sleepy, most fatigued, and had the longest reaction times.
The perception of effort expended, as assessed by the subjective effort question, does not always mirror performance (e.g. Drummond et al. 2000) . Despite their selection of simpler math problems and simpler non-academic tasks, sleep-deprived participants reported applying effort equivalent to that reported by their non-sleep-deprived counterparts.
Sleep deprivation may influence the ability to assess exerted effort. Alternatively, effort exerted to the degree found during no sleep deprivation may be expended under sleep deprivation conditions when there is a reduction in task difficulty. This second hypothesis is supported by the results of the present studies. Perceived effort was equivalent between the groups although sleep-deprived participants selected less difficult problems on the MET as well as less difficult tasks on the task selection question. Under conditions of sleep loss, the choice of more challenging tasks might result in an increased effort expenditure to which participants may be unwilling to submit themselves.
Researchers suggest that the inability to summon effort is a component of the sleep-loss experience. It may be more responsible for sleep deprivation induced performance decrements (Johnson 1982; Meddis 1982) than the impact of impairments in ability (Horne 1988; Kjellberg 1977) . Limitations, induced by the stress and fatigue of sleep deprivation, signal the strain of high effort, the need to use limited resources efficiently, and the need for strategies that will return the organism to a state of equilibrium (Hockey et al. 1998) .
The sleep-deprived participants are under pressure to respond to the demands of the experimental assessment, including engagement in tasks. The choice of high-effort responses, or reductions in goals, may be selected to match the structure of the task or the level of effort that can be tolerated (Hockey et al. 1998) , and to maintain an acceptable level of well-being (Hockey 1997 ).
When given a task structure offering the opportunity to choose, our participants reduced task demands by selecting tasks of minimal difficulty. Other sleep deprivation studies have reported that participants reduced task demands by limiting attention to the high-priority tasks and neglecting secondary tasks (Hockey et al. 1998) , by spending less time on task, and by leaving more items unsolved (Kjellberg 1977) .
Were participants choosing tasks that would end most quickly? For the task selection question, participants were told that each task would require 20 min to complete. In response to this question, participants selected from tasks of proposed equal duration and chose tasks of lesser difficulty. In the MET however, participants choosing less-difficult math problems might have felt that the lower levels would enable faster calculations resulting in a more rapid completion of the task. As soon as a problem was completed, the next problem was presented. It is possible that participants were able to save time by selecting lower levels of difficulty. Sleep-deprived participants may not have the tolerance they have when they are well rested. To better understand how time required for tasks plays a role in choices, future studies should examine such behavior when tasks with time duration options are offered.
How reductions in effort impact other measures sensitive to sleep loss remains to be determined. Sleepiness, induced by sleep loss, has been correlated with lapses on psychomotor vigilance performance (Dinges et al. 1997) . In experiment 2, sleepiness, fatigue, and slow reaction times, common outcomes of sleep loss, were associated with the selection of tasks of minimal difficulty.
Research exploring the neurophysiological correlates of changes in effortful behavior, under sleep deprivation, may provide insight into this question. A number of recent studies have begun to explore changes in activation in the cerebral cortex following sleep deprivation, and their relationship to cognitive activity. Drummond et al. (2000) , for example, using fMRI, found that after one night of sleep deprivation the prefrontal cortex (PFC) and parietal lobe were more active than after no sleep deprivation. Increases in parietal lobe activation were associated with better free recall in sleepdeprived participants. They suggested that the PFC and the parietal lobe were involved in providing compensation for changes induced by sleep deprivation. Wu et al. (1991) , using PET scan technology, also found increases in the metabolic rate of the parietal lobe following sleep deprivation, though frontal and temporal lobes showed decreases in absolute and relative values. In their study, subjects with the greatest increase in metabolic rates showed the best vigilance task performance. Additionally, Harrison and Horne (1998) found that during sleep deprivation, performance is impaired on tasks measuring prefrontal activity. Exploration of specific changes in prefrontal, parietal, and temporal lobes and their relationship to effortful behavior, may help to clarify where and how the brain attempts to overcome the cognitive and behavioral effects of sleep loss.
Gender differences
In experiment 1, a gender effect was found on the MET. Women chose tasks of lower difficulty, whether they had experienced sleep loss or no sleep loss. However, in experiment 2, when the instructions were changed to reduce the competitive elements of the task, women and men performed similarly on the MET.
In experiments 1 and 2, the reaction time for women was slower than that of men. Additionally, in experiment 2, the reaction times of women were particularly slowed following sleep loss.
Implications
Outside of the sleep laboratory, sleep-deprived people are faced with a myriad of decisions. The selection of the least demanding options in complex situations may negatively affect safety, reliability, and the effective integration of multiple facets of tasks (Hockey et al. 1998) . It may also result in serious, perhaps life threatening, consequences.
The undergraduate participants in our study were not selected for sleep problems. However, responses to the general sleep questionnaire for experiments 1 and 2 revealed that they received less sleep than needed as often as one in every three days. With this frequency of insufficient sleep in a typical undergraduate sample, it is possible that reductions in effort are occurring with considerable regularity.
A poll sponsored by the National Sleep Foundation (2000) found that sleep deprivation is a problem for more than 50% of American workers. The subtle effects of effort reduction induced by sleep loss are likely to occur daily and worldwide. For example, adolescents, who often use sleep time as discretionary time and subsequently get insufficient sleep, may reduce their educational goals both inside and outside of the classroom.
It is unknown how sleep loss impacts the range of choices made throughout the day. In experiment 1, a night of sleep loss produced reductions in routine behaviors requiring effort. Participants reported dressing less neatly and less fashionably, and reading less for school. However, the limited amount of time between leaving home and the assessment, and the design of this study, made it impossible to demonstrate the range of behaviors subject to reductions in effort. Future work in this area may attempt to assess the impact of sleep loss on the full daily routine.
C ON CL US IO N
Sleep loss depleted effort. In our study, goals were shifted downward and objectively measured effort was reduced. Accurate performance was maintained when the choice of a simpler task was available. Participants seemed to be unaware of their reduction in effortful behavior.
Future research will elucidate how long baseline levels of performance can be maintained under sleep-loss conditions before a reduction in goals occurs. Investigations in this area may also clarify how sleep deprivation impacts specific choices in the workplace, home, and school environments, as well as explore what neurophysiological changes underlie these effects.
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